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SaitaTole superchargers for airplane engines are a 
requisite for successful high-altitude flyin.^^* The under-* 
lying princi]ples for the computation and design of air- 
plane- cn^-ine superchargers must oe given further study. 
The results ohtainvod through tests on the various forms of 
rotor vanes and counter vanes and on the design of the 
casing should prove useful for impro vemen t of design. 
TTell-'known computation methods have shown themselves, with 
slight modifications, to he puitahle. The use of single- 
stage centrifugal superchargers for supercharging to one 
atmosphere at 8 to 9 kilometers (25,000 to 29,000 feet) 
alti tilde a,pp ea,rs, with suitable regulation » entirely pos- 
sihle without supercharger air cooling. 



I. . UHPSP^iYING POSSIBIIilTIES OE SUPERCHARGING 



In its present form the airplane engine is unsuited 
for self -charging at the higher altitudes since the air 
pumping occurs too slowly. Modern high-altitude engines 
are therefore provided vrith devices f^r charging the en- 
gine at high altitudes, namely, superchargers.^ Any arrange- 
ment that lowers the specific volume of the combustion 
air "before entrance to the engine cylinder is essentially 
suitable as an airplane- engine supercharger. The most suit- 
able arrangement will be that which combines the highest 
efficiency with the minimum bulk and weight - that is, which 
pumps in the required air at the fastest rate. Installa-. 
tions of this type that meet the conditions required are the 
compressors and the "dynamic pressure superchargers;" i.e., 
those utilizing the forward velocity of the airplane. 

Prom the point of view of economy in the utilization 
of energy, three types of superchargers are distinguished: 
1) those whose driving power is derived from the gross out- 



*"Dio Gestaltung von Flugmotorenladern. " Luf tf ahrtf or schung , 
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put of the engine; 2) those which utilize a source of en- 
ergy that would otherwise he lost (for example, the ex- 
haust heat of the engine) and thus impose no additional 
load on the engine; and 3) those that are separately 
driven. 

High efficiencies of the superchairger installationn 
should always he aimed for. They are of decided impor- 
tance for such power units as give high propulsive outputs 
at high altitudes and so, for example, at 8 kilometers al- 
titude (25,000 feet) still require an inlet manifold pres- 
sure of 1 atmosphere. Figure 1 shows the outputs available 
for an unhoosted engine at various supercharger efficien- 
cies at altitudes up to 12 kiloiriGt or s* ( 39 , 000 feet), the 
sca-lcvol output heing taken as 100 percent. The increase 
in engine output through the decrease in the exhaust hack 
pressure has not "been taken into account since it depends 
partljr on the valve timing and is of no significance for 
comparison. The output relations of the engine between 
zero altitude and the corresponding critical altitude (al** 
titude at which 1 atmosphere pressure can still he main- 
tained) are not shown since they depend on the design of 
the engine, the admissible duration and degree of super- 
charging, and the regulation of the supercharger, and these 
factors are all very different. The supercharger effi- 
ciency may also be of great importance for the knock-free 
operation of the engine. The supercharger air temperatures 
which, with various supercharger efficiencies, are set up 
at the different critical altitudes, are also shown on the 
figure to indicate the possibilities of safe engine oper- 
ation. If a temperature of 80^ C. is considered as the 
highest admissible supercharger temperature at which the 
engine will still run without knocking, then the admissi- 
ble critical altitudes without supercharger air cooling 
will bo given by the curve of figure 2 as a function of the 
adiabatic supercharger efficiency. 

Of the three different designs of superchargers, name- 
ly, the piston, the Root's, and the centrif ugr?vl types - the 
centrifugal type possesses today the greatest impor tojice , 
since attempts to develop the piston and Root's types with 
satisfactory operating characteristics have so far failed. 
It even appears doubtful whether there exists any necessi- 
ty for creating other supercharging machines than the cen- 
trifugal types. Two types of wheels are used with the cen«^ 
trifugal superchargers, namely, the radial and the axial 
wheels. The latter have, up to the present time, attained 
no narked success since the advantage of good efficiency is 
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offset "by the di sadrantage s of small pressure heads per 
stage, difficulties in nianuf ac tur ing and in safe operation 
of the very thin hlades, the low critical speeds of the 
multi-^ stage arrangements, and the difficulty in mounting 
when engine driven^ In what follows therefore, only cen- 
trifugal superchargers with radial wheels will "be consid** 
ered# At adiahatic compression without losses the deliv- 
ery or ■pressure heads, pressure ratios, and t emperatiir es 
for these wheels are shown on figure 3# 



II. CHARACTERISTICS AO PERFORMANCE OF VARIOUS 

CENTRIFUGAL SUPERCHARGERS 



The wheel with "buckets or hlades open at both sides 
(fig. 4a) is prohahly the oldest form of impeller. The 
radial olade type with 90^ exit angle has not been de- 
parted from in supercharger design because of the necessi- 
ty of high peripheral velocities and pressure rise per 
stage, although this form of blade compared to the back- 
ward curved blades has disadvrjatages in operating condi-» 
tions and ef f iciency • ^ An advantage of the blade open at 
both sides is the elimination of axial stresses on the 
bearing,. Axi improved wheel form has also been applied in 
Germany, whereby the blades receive short radial ribs on 
their rear sides. In DIL tests on a stool impeller of this 
type, the peri;Dheral velocity could be raised for short- 
time intervals^^' to 605 meters per second (120,000 feet per 
minute) without the setting up of a permanent expansion. 

The half-open impeller (fig* 4b) is the type applied 
in by far the greatest number of new engine superchargers. 
The construction materials are high quality aluminum alloys 



■•'i'On the cLuestion of the effect of an exit angle of 90^ on 
the efficiency, the reader is referred to the paper "Un- 
tersuchungen uber den Einflu^s des endlichen Schaufelab- 
standes in radialen Kr ei selradern , " by 0* Hansen, Braun- 
schweig 1936, who shows that in spite of the increase of 
the delivery pressure with increasing exit angle, the effi** 
ciency need fall off only an insignificant amount. 

^^Longer operation was impossible on account of the too 
high sliding veloci ti es in the bearings. 
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The wheels may he milled for peripheral velocities up to 
250 meters per second (50,000 feet per' minut e ) , rjhile for 
gr ea,t er velocit i es they may he stamped, using special dies. 
The wheel disks arc generally -orovided with cut-outs he- 
tween the hlades. The reason for this is generally given 
as a lowering of axial thrust and advantages in regard to 
strength. Ho extensive investigation on the alleged use- 
fulness of these cut-outs, which in many cases have hecn 
the starting points for failures, is availahle* A DYL im- 
peller shich sho\7ed up well in a test heyond a peripheral 
velocity of 400 meters per second (80,000 feet per minute) 
does not have the cut-outs since theoretical investigations 
do not shov/ any advantage in regard to the stress distri- 
bution. 

Inpellers having side vralls on hoth sides (fig. 4c) 
have .up to the present heen applied to a.irplane-engine su- 
perchargers only in isolated cases. Wheels that arc pro- . 
duccd oy riveting or welding offer particular difficulties 
in the matter of accurate prediction of stresses and defor- 
mations, raise greater di f f icul t i r. s at high 2'^O-iphGral ve- 
locities, and mostly have the di sadvan tas:5e of rough flow 
passages. A special form of closed i.^rpellor is that of 
Junkers (fig. 5). Ho test data are available on the parts 
lying hotwcon the individual flow passages - that is, on 
the outflow - v/hich does not fill out the entire circum- 
ference and is thus associated with cxcha.-xge losses (ref- 
erence l). Tho DVL inpellor shown on figure 6 seeks to re- 
move the mechanical difficulties of the closed impeller 
for very high peripheral sneeds throU;^:;h a special construc- 
tion. 'Ihe outflov/ can take place all along the entire cir- 
cumference. The axial width of the flow passages may vary 
in o.u arbitrary manner. In over 100 operating hours of the 
test supercharger (fig. 6) at peripheral speeds up to 400 
meters per second, no failures or perma,nent deformations 
of the closed impeller occiirred* 

C c mp a r i s 0 n tests have h r o ll gh t out the a d v an t a.g e of 
this design as compared \7ith the half-open im.peller. J'ig— 
ure 7 shows part of the results obtained. The half -open 
wheel v;ith its required cover clearance a = 1 nn (fig. 
8a) has a 5-percent-less efficiency than the DVL v/heel. 
Attention is brought to a particular advantage of the im- 
peller closed at both sides, which advantage will some day 
lead to the general application of this type of impeller. 

Acs the critical altitudes increase, resort to multi- 
s t ag e c en t r i f ugal sup e r ch ar g e r s becomes n e c e s s a.ry . Th c r e 
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will then "be difficulties -jith several laalf-^open impellers 
on r.\ rather long shaft in a single housing and at the vari- 
ous amounts of heating, in keeping the clearance a (fig* 
8a) hotnecn the "blade edge and the casing wall within fa- 
vorahle limits, a factor which has an important effect on 
the efficiency. This clearance a may have the greatest 
effect on the delivery head and efficiency (figs« Sh. 8c). 
This effect vanished only at a certain operating condition 
which as yet cannot he predicted hy computations (line 
M-K, figs. 8h, 8c). 

Of groat significance for the delivery pressure and 
efficiency of an impeller is the entrance form of the 
Dladcs. Wheels with radial "blades without curving at the 
inlet give smaller efficiencies and pressures than "blades 
having good entrance curvatures. Figure 9 gives an idea 
of the order of magnitude of this effect as found from a 
series of tests. It nay "be assumed, as known, that the 
forms obtained hy "bending the entrance edges of the hlades 
are in most cases conditioned more "by the properties of 
the material than "by the requirements from the point of 
view of flow theory* This unfavorable condition nay "be 
remedied "by separating the curved "blades from the wheel 
itself, using a special outside impeller (fig* 6)« The 
hlades on this separate impeller may do produced by curving 
or m.illing hy the special Kopicr process or the impeller 
may he "'ouilt up out of individual "blades as in the case of 
st earn- tur Dine hlades. By exchanging the outside impellers 
the .-^.mount of air delivered hy the supercharger may within 
certain limits he suited to the engine. 

One method of mainta^ining • straight radial hlade lead-* 
ing edges is hy imparting the necessary spiral motion to 
the flow hefore entrance into the impeller. Without count- 
ing the drop in the pressure head per r>tage introduced hy 
this method, there are no test data available on the advan- 
tageous design of inlet guide or diffuser arrangements of 
this type. Fully satisfactory operation is not attained 
with an inlet spire.!, " 

In the majority of in-line engines an exit spiral with 
or without a guide-vane ring finds application while in the 
case of radial engines the siipercharger s have only exit 
guide vanes and a connected vortex space. Prom the results 
of numerous tests it may he concluded that to obtain great 
delivery press^^res and efficiencies, guide vanes and a spi- 
ral should be provided. Flat characteristics, par t i culo.rly 
in the case of too narrow spirals, may sometimes bigf attained 
by dropping the guide vanes (fig. 10). 
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The forms of exit guide vanes, their construction, 
and the dimensioning of the spirals differ very greatly 
and so::ictinies so unsuitably that lovi efficiencies are. not 
to he wondered at. The superchargers investigated hjr the 
D7L of fo-reign airplane , engines had efficiencies of 0.26- 
to 0»55 for delivery heads hetween 600 and 3,700 meters 
(1 neter air column = 1,2-1.25 mm Hg). From the test re- 
sults it was seen that the energy conversion in the guide 
vanes was only slight and that the inlet housing was too 
narrow and provided with too sharp deflections. 



Ill* REQUIREMENTS AND TRENDS OF SUPERCHARGER DEVELOPMENT 



An urgent prohlem requiring solution is that of in- 
creasing the delivery pressure attained v/ith a single im- 
peller stage- For the solution of this prohlem two ways 
lie open: first, increasing the delivery pressure of a 
wheel v/ith given peripheral speed, and second, increasing 
the attainable peripheral speed. For the case of flow 
entrance without rotation and a 90^ hlade exit angle, the 
first possihility may he judged from the equation (sec 
r of or once 1 ) : 

1 u/ 
Sad = ^ad Hthoo = """^"r^^ 



where ^ is a coefficient empirically determined, z the 
numhcr of olades, and S = / r dx is the static moment of 
the mean streamline. ' The decrease in 4^ and the increase 
in depend largely on . suitable inlet and exit arrange- 

ments which will he further considered below. An increase 
in the number of blades z (see fig. 11a) is only possi- 
ble to a limited extent since a large number of blades run- 
ning up to the hub strongly decreases the inlet cross sec-, 
tion p.nd may raise the inlet losses* The method of in- 
serting shorter intermediate radial blades raises difficult- 
ties as reagrds strength requirements and proper design* 
Tests have shown, hov/ever, that an increase in the deliv- 
ery head may be obtained as the number of intermediate 
blades is increased (fig. lib), although at the cost of a 
lewder ed ef f i ci ency . 

An important faQtor t.o be considered is a sufficiently 
large ratio betv;cen exit and inlet dia,meter, which ratio 
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should lie between 1,6 and 2,2, This requirement ra^ises 
difficulties at large crit ical altitudes if, in order to 
attain smaller dimensions - i.e., higher rotational 
speeds -* the exit diameter ic not to "be excessively in- 
creased. Figure 12 shows the necessary imjSeller cross 
sections' of the first \7heel of a supercharger for altitudes 
l^etween 6 and 20 kilometers (o.73 and 12.43 miles) for 
equr.l inlet and exit velocities. From ahout 16 kilometers 
(9.94 miles) on, unsatisfactory wheel forms are ohtained 
although the inlet velocity is 0.5 of the value of the ve- 
locity of sound a • Any increase in the exit diameter 
of the ^jheel ^vith decrease in angular velocity is opposed 
by considerations of keeping small the r/heel friction load 
(fig. 13), the size, the weight, and the gyroscopic forces. 

Increasing the delivery head per stage "by raising the 
peripheral velocity is possible only within restricted lim-* 
its. There are difficulties in securing good efficiencies. 
Raising the peripheral velocities brings about a simultane- 
ous increase in the absolute velocity of the air at the im- 
peller exit. This absolute velocity may attain the veloci- 
ty of sound, giving rise when using exit guide vanes, to 
well-known difficulties. Figure 14 shows for various oper-^ 
ating conditions the computed relations between the abso«* 
lute velocities at the impeller exit, the peripheral veloc- 
ity, and the velocity of sound. 

Special difficulties may arise on the application of 
wheels of light metal alloys with hub bore on account of 
the expansions of the hub bore due to the low modulus of 
elasticity - these expansions, as shown by com.putat ion, 
amounting to about 0.5 to 0.8 millimeter at a peripheral 
velocity of 350 meters per second and usual rotor wheel di- 
mensions. In the case of steel wheels there is the por^si- 
bility of making the wheel and shaft of one piece or shrink- 
ing the wheels with great initial stress on to the shaft. 
TFhether shrinking is possible and suitable in the case of 
light-netal construction, has not yet been investigated. 
With c?- suitable design the hub bore, also in the case of 
light-metal v/hecls, may be dispensed with if the wheel disk 
and sl'ie.ft are of one piece and steel strengthening bushes 
are fitted about the shaft. Wheels of this type developed 
by the DVL gave no difficulties in tost operation. 

Hand in hand with the increase in the delivery head 
of a single-stage supercharger, there must be an improve- 
ment in the operating characteristics, an increase in the 
efficiency, and an improvement in the regulation possibili- 
ties of the engine-driven supercharger. 
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Operating characteristics and efficiency may he im- 
proved "by. simple means in the design. In many designed 
superchargers the inlet casing is so formed that there is 
either no rotation-free flow (fig. 15a) or no uniform ad- 
mission to the wheel (fig, 151?). The most suitahle inlet . 
is under all conditions the straight radial one (fig- 15c) 
which also had the advantage over the other forms in^ tests. 
Where this inlet is not possible on account of mounting 
dif f ictilti es , a similar action may he ohtained hy means of 
an inlet housing illustrated in figure 15d. Investiga^, . 
tions- on engine installations showed that the slight' i^-- 
crease in the length of the structure leads to no diffi- 
culties. 

The forn of tlie delivery head curves as well as the 
efficiency curves may he affected hy the exit guide or 
diffticer arrangements* In the investigations so far con- 
ducted, steep characteristics were always the result, of 
too narrow ^."^ide arrangements and housing. Pigure 16a . 
shows '':hc 11^^^ and V^^^^^ curves, as affected only hy the 
form of the ^uide vanes (fig. 16h), The flattest form of 
the Hry^^ and T\^^^^^ curves was ohtainod in later tests 
with smooth guide ring of relatively large radial exten- 
sion with connected concentric annular jrpacc. Figure 17 
shows that with proper dimensioning of a suto cr charger, de- 
livery heads cf 8,200 meters at adiahatic efficiencies of 
0.70 :::ay he attained with a single stage. The size of the 
cxpcrinontal supercharger for a spark-ignition engine of 
aoout 1,100 horsepower is compared in figure 18 w3.th a 
modern American supercharger for 3,700 meters delivery 
head at Pj^^^t = 0.53 and smaller engine output. 

Ahove 6 kilometers the necessary adiahatic delivery 
head for charging to 1 atmosphere, is greater than the al- 
titude of flight - hecoming/in flight at 20 kilometers 
altitude, 1.65 times the flight altitude. The numhcr cf 
stages to ho considered for charging to. 760 mm Hg for the 
v-rious altitudes should lie within the region indicated 
on figure 19. 

T7ith the m.ulti-stagc compressors required heyond^ahout 
8 kilcrnoters, difficulties arise which do not occur with 
the single-stage design. In addition to the difficulties 
of keeping the rotational speed Dclow the critical speed 
of the impeller, there is also the prohlcm of axial thrust, 
partictilarly with the usUcal designs (fig. 20a), and the 
measures to he taken for controlling it or removing it. 
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The sinplcst ncthod that lios open is that of the countcr- 
flov: arrangcncnt of the nhools,"an indicated on fij^^urcs 
201) and 20c for the case of a t7;o-stagc supercharger, The 
application of the lahyrinth piston familiar in the dccign 
of stationary conpressors nay noet v/ith space and ircight 
difficulties. The light construction of the casing and 
the resulting size of the la"byrinth clearances raise the 
danr;er of too great leakage losses* Per taking up t^ic ax- 
ial thrust uechanically , roller hearings of the high shoul- 
der type of construction, and special journal "bearings, 
nay v/ithin certain limits find application. The necessity 
of "bringing up and cooling large quantities of oil, is a 
disadvantage of the journal "bearing since the prohlen of 
oil cooling, as every cooling prohlen at high-altitude op- 
eration, is a difficult one and noreover, any entrance of 
oil carried along \.'ith the supercharged air into the inter- 
coolcr, would in a short tine reduce the effectiveness of 
the latter. 

Studies r:ado on suitahlc designs indicate that the 
arrangenent of opposed flow stages is the nest suitahle 
for nulti-*stage conpressors, particularly if the conpres- 
sicn process nust he interrupted for the purpose of inter- 
coolings A sufficiently high critical r.p.n. in below- 
critical operation nay he attained hy using pov,'erful shafts 
interaodiato hearings, r^.nd low operating speeds. Ohvious- 
ly , these measures are at the expense of increa^sed weight. 
The question as to whether helow-critical operation is 
necessary or whether safe flight operation nay he attained 
c.t .apprcciahly ahove the first and sufficiently holow the 
second critical r.p.n. of the ivhccl, depends essentially 
on the very wide regulation range of the .supercharger at 
high altitude operation. As long as the superchargers are 
driven hy the engine, the questions of gearing and regula- 
tion give rise to difficulties at the high delivery heads 
of the superchargers. At constant ratio hotv/ecn the super- 
charger and engine r.p»n., even with good stip or charger ef- 
ficiencies, the supercharger tenperatures attain excessive 
values at low altitudes, and on account of the strong throt 
tling required, nake a sufficiently high take-off power 
difficult or even engine operation itself, inpossihle. 
The nulti speed gear offers sone remedy for the tine hoing. 
The stagoloss or infinitely variable regulation of the su- 
percharger speed has hecn investigated hy the DVL and may 
no longer he considered as an unsolved prohlen. An experi- 
nental arrangenent which quite a.pproached the stageless 
aero-loss regulation, gave satisfactory results. 
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Further possibilities of regulation in the case of 
gear-*driven supercharger s that shou promise are, for ox-* 
ample, the regulation of the admission of multistage su- 
perchargers. The installations required are simply cut- 
off devices at the entrance and exit of one or more im- 
pellers and additional inlet openings in the housing as 
the case may require. If the cut-off memhers are so de-* 
signed that they give a sufficiently tight cut-off, and if 
their action takes place in suitable sequence, then "by 
connecting and disconnecting entire wheels and using par- 
tial throttling, an almost stageless regulation of the 
supercharger pressure t^ correspond to the altitude of 
flight may he attained, ) Although this method of regula-* 
tion has not yet been investigated in operation the diffi- 
culties associated with it appear capable of solution 
since the parts to be controlled may be situated o-t the 
fixed housing and thus have an advantage over gears tha,t 
have to be thrown in and out at high speeds. With exhaust 
turbine-driven superchargers, tlie difficulties in the 
r,p,n« regulation described, do not appear. 



IV, SOME PRINCIPLES PGR THE COMPUTATION OF SUPERCHAR&ERS 



The superchcvrger investigations so far conducted by 
the BVL, have shovm thr.t the familiar computation methods 
applied in the case of centrifugal compressors yield, with- 
out any appreciable modifications, good results also in 
the case of the unusual conditions of airplane- engine su- 
percharger design. The inlet velocities at the impeller 
may assume high values* A limit is set by the considero,-- 
tion that too close an approach to the velocity of sound 
leads to the appearance of separation phenomena of the air 
flov/. The ratio of the inlet velocity to the velocity of 
sound lies in most cases within the range 0,2 to 0.3 but 
may be further increased. 

Since the wheel blades at the wheel inlet have the 
form of axir.l blades near the hub the entrance deflection, 
i.e., the necessary setting of the blades should not be 
left out of account in the computation of the angle at the 
blade entrance on account of the relatively great blade 



• A closer investigation of the economy of this method which 
depends essentially on the proper dimensioning of the cut- 
off devices and on the additional quantities required for 
cooling would lead us too tO:X' afield. 
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separation, pa-r t i cnlar ly at the maximum inlet diameter. 
The test data available justify the assertion that with 
proper application of familiar computation processes (see 
reference l) satisfactory results may "be obtained. The 
investigations have furthermore shown, with r elatively good 
agreement, that with sufficiently large outlet guide ar- 
rangements the quantity delivered with shock-free entrance 
^"st "* ^^'^^^ is, that which would be delivered if the direc- 
tion of the relative flow coincided with that of the first 
"blade eleiaent - stands in approximately^ constant relation 

to that corresponding to the maximum efficiency V'n 

''max 

Although the value is only an approximation, it is not un- 
important to know in the case of new designs that with the 
diameter ratios and number of blades usual in present-day 
design the quantity "^Tlj^g^^ is 1.3 to 1.7 times as large 

as ^c<t' Tests on this effect are lengthy since every 
change in the wheel entrance also requires a change in the 
wheel exit diffuser. The tests have nevertheless been 
partially carried out using the impellers shown on figure b« 

An essential difficulty in the design of a new impel- 
ler for a required pressure lies in the computation of the 
effect of the finite number of blades. The number of 
blades fluctuates in the case of the straight radial buck- 
et arrangement between 10 and 20. The figure of merit 
^ad ^vhich is the ratio between the delivery head "^thco 

(which \70uld be obtained with frictionless flow with an in- 
finite number of blades) and the delivery head actually 
obtained (which is to be computed at compression without 
cooling from the measured initial and final values of the 
pressures, temperatures, and quantity delivered): 



k-1 




g 



and for which, with different superchargers, the values 
shovm on figures 21a and 21b were found, is not sufficient 
for the computations since it includes to a great extent 
the effect of the exit guide arrangements and the housing. 
With the values ^thco " ^ ^th ^'^^ ^th = ^/'Hh ^ad there 
is obtained q^^^ = Tl^/m, From extensive measurements and 
computations values were found for Tjj^ between 0#82 and 
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0.86 30 that it appears possible to give figures also for 
El. If B is split up according to the previously given 
equation, values of \J/ are found hetween 2.0 and 2.4. 
IIqm designs that were computed \7ith these values for vari- 
ous superchargers led to results that gave good agreement 
■'ith the pr ecomputations- The form of the flow passages 
v/as so designed that the meridian ccnponent of the ahso- 
lute velocity, on the assumption of completely filled 
hlade passages Det\7een inlet and outlet of the wheel, re-* 
nained approximately constant or decreased slightly. The 
maximum values of \J/ tzere found nhen the exit guide pa,s- 
sage v/as of small radial extent. With a supercharger size 
such as appears necessary and also admissible from the 
point of view of space and trcight saving, the values of. 
the peripheral velocities Ug at the critical altitudes 
shown in figure 22 should he attainahle. 

For the correct computation of the guide vanes and 
spiral hehind the vhecl exit assumptions must "be made re- 
garding the compression that took place up to the rotor 
r/heel exit. For the ahove-ment ioncd case of Cq = c^^^ 

and for a frictionless process with infinite number of 
hlades, \ie have: 

rj ^ rr rr ^2 ^0 ^2 ^2m ^3U 

Hkin^ - ^th^ - H^tat^ = — = 2^ "ig" 

and for ^ =: 90°, i.e., Ug = 



00 



2g 



The degree of compression v/ith infinite numljer of blades 
would then he 



p = !«l£'i» = 0.5 



00 



On account of the exit deflection the theoretical absolute 
velocity is greater than the acttial (cg > C3) and corre-* 

spondingly c^^ > c^.^^. Taking account of a finite number 

of blondes and Trriting 

^stat th = ^-tY. Skin th 
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^2 

and 



1 C 2 



we find 



With 



^3U 



Pth " 2U2 

Kthoo ^ -^th' i.e., Cgu = ^ = Ug 



we find o - l ^ 

^th 2in 

For various assumptions the values ohtained "by computation 
are those given in figure 23, which give good agreement 
with measured values although certain approximations have 
"been made in computing them. Setting the computed value 
'^th "t^^ actual value p corresponds to the as- 

sumption of an equal hydraulic efficiency T]j^ in the rotor 
and guide wheels. 

Exit guide vanes that were computed by familiar meth- 
ods (see reference l) gave satisfactory results provided 
the divergence angle € of the guide passage was designed 
considorahly smaller than what is consideired a^dmissihle in 
the literature on the suhject. With the guide vane forms 
so far investigated hy the DVL, hest conversion ratios 
rrere obtained at € ^ 4^. The effect of the exit guide 
vanes on the form of the characteristic and the magnitude 
of the supercharger efficiency is very great, Figure 16 
shows one example taken from numerous investigations and 
from v/hich the. forms of the guide passages and the results 
obtained may be seen. The exit spirals of the supercharger 
have up to the present always been determined by the D7L 
by the condition of constant rv (where r is the radius, 
and V the velocity) with the wall friction taken into 
account. An accurate analytical and experimental investi- 
gation on a given spiral gave good agreement between theo- 
ry and experiment (fig. 24). The values of the constant 
k determined from the cross sections of the spirals agree 
quite well with the measured values of the sta^tic and to- 
ta.1 pressures along the outer boundary of the spiral and 
with the velocity for the sane values of the quantity de- 
livered TDor second. 
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SUMIvIA.RY 



Suiniiiarizing, it r^ay "be said that \7ith the forms of su- 
perchargers and underlying principles of computation with 
\7hich we are familiar today, and v;ith proper utilization 
of t::e construction material availal>le, deli very _ heads per 
stage of 7,000 to 8,500 meters (air column) at an effective 
efficiency, "based on the adia^batic process, of 0.7 may 1)6 
etts.ined, the space and r.^eight requirements heing kept 
within reasonahie limits. The vievr held of a supercharger 
as an inconvenient auxiliary device, is no longer justified 
at altitudes ahove 3 kilometers (10,000 feet), since satis- 
factory operation of the engine is no longer possible with- 
out it. It should he the prohlem of the engine designer 
to see that Mlth given high pressures and efficiencies the 
size and weight of the supercharger are kept as small n,s 
poc Giolo, That a had mounting arrangement of an engine is 
not alv:ays to he attributed to too large a supercharger 
may clearly "bo seen from the example of the Rolls-Royce 
Kestrel engine which, in spite of a large supercharger, 
mo.y he mounted in rai efficient manner. The question as to 
whether the common present arrangement of the supercharger 
on the engine side, aws.y from the propeller, should he 
maintained cannot as yet he definitely answered. 



Translation hy S« Reiss, 
national Advisory Com.mittee 
for Aeronaut i cs . 
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FlgB. 1,3,3,4 





ForHord vehcify 
600 ~700 fvn/h 900 



Figure 3,-Variatlon of delivery 
headSf oreseure ratios, 
^ and temperatures with velocity 
of flight for zero losses^ 
adiabatlc compression. 



Figure l.-Effect of supercharger 
efficiency t^ad on the 
performance of an engine (sea 
level output * 100 percent) at 
critical altitudes up to 12 tan. 
(7.5 mi.). 



Figure 4. -Types of supercharger 
Impellers, 
blades open at both sides, 
half-open impeller with side 
wall at back of wheels 
impeller closed at both sides 
by walls. 
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Figure 3.- Critical altitude attainable 

without interceding as a 
function of the internal adiabatlc 
supercharger efficiency tii^g^^ 
(Admissible assumed supercharger 
temperature 80^). 
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rigs. 5^6^7,8 



m 



Figure 5.' 
Impeller 

of a 
Junker 
super- 
charger. 



Figure 6.-DVL rotor wheel with 

separate Impellers 
having adjustable blades and 
variable spirals • 




Figure 7.- Comparison of pressure heads 

and efficiencies of closed 
and half- open rotor wheels 




Figure Sb.-Effect of clearance (a) Figure Sc.-Effect of clearance (a) 
on wheel character- on characteristics of 

letlcs with half-open impeller. Impeller open at both sides. 
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FigB. 9,10,11,12 







































































































































wf/h eepor^o/e ///yoe/Ze/- for 
f^ffhoui' If tt ft 

































Figure 9.- Improvement in charac- 

terieticB of a wheel 
with radial h lades by separately 
added impeller (fig.6)» 



Figure 10.- Effect of form of exit 
on characteristics of 
Buper charger 8. Curves I -IV 
correspond to fouLT different 
forme M gultfe vaiiee* JShirre V was 
obtained with vanes removed, i.e. 
with smooth guide ring. 
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Figure liar 
Figures of 
merit for 
different 
numbers of 
blades for 
same super- 
charger 
dimensions. 

Figure 11b.- 
Figures of 
ia merit 
for 

differ- 
ent 




03 i,o %2 U i,i 16 
blades 



numbere'^^S^^^ ^2.- Impeller cross sections 

ij.^ of the first stage of 

t^TwioHi ®- supercharger for a 600-700 ho. 

spark-ignition engine, (The 
rfidiAi ^^^63^8 correspond to the critical 
. rm ^a^-^a-*- altitudes.) Assumptions: uo « 300 

at rotor wheel exit, ^/g^ Og--0.5 a*. Cg --0.7 Cg 
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Figure 13 -Friction hp, of with spiral » with inlet 

impellers for chamber, c, with axial 

different air densities in the entrance, d, with vortex space 
casing and different values ^^^^^ e^^*« 

of UJ, 




Figure 14 -Computed relations between the peripheral velocity of 

wheel, absolute velocity of air at rotor wheel exit and 
velocity of sound for various air temperatures at exit. (The 
computation is based on measured values of temperatures and 
pressures. The inlet temperatures correspond to the peripheral 
velocity and figure of merit of corresponding critical altitude). 
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Figs- 16.17.18 



5500 




Figure 16a. Improvement in 

supercharger 
characteristics hy proper 
diffuser arrangement. 




qa to t» 1.€ rrr}^tB 20 

Figure 17. Characteristics of 

DVL supercharger of 
fig. 6. ( — o-o-o measured values 
after a many hour test run). 




Figure 16b. Guide vane arrange 

ments giving the 
results of fig. 16a. 



Figure 18. Comparison of 

dimensions of DVL 
test eupercharger (fig, 6) with 
a modern American supercharger 
for an in-line engine 
( American, DVL). 
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Figs. 19,30^21 
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Figure 19.-" Number of stages of 
multi-stage super- 
chargers for critical altitudes 
up to 20 km* (12.4 mi.) 

Lower limit for present 

etate of development. 






Figure 20- a, direct flow two- 
stage supercharger, 
b, counter flow two-stage 
supercharger with deflecting 
space, c, counter flow two- 
stage supercharger with two 
spirals. 



Figure 21.- Values of foxind for a large number of superchargers 
invest igat ear 

21a -Values of qad as ^ function of co /uijn superchargers with 

straight radial blades. Cg , inlet velocity to wheel, u^^ . 
peripheral velocity at mean inlet diameter. Curves 11,12,13, 
supercharger of a radial engine with well designed rotor blades* 
Curve 14, supercharged with bad guide arrangement^ Curves 15,16, 
supercharger with bad exit guide vanes and connecting annular space. 
21br Values of q^^ as a fimction of Vj/Vgt with curved rotor blades 

at inlet, Vg+; , computed quantity delivered for shock-free 
entrance* Curves 1,2, supercharger for radial engine with unsuit- 
able guide vanes. Curves 3,4,5, supercharger with pressiire spiral 
connected to smooth guide ring of varying radial extent. 
Curves 6,7,8,9, supercharger with pressure spiral connected to 
various exit guide vanes. 
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Pigs. 32,23,34 
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Figure 22 •-Relation between 

peripheral 
velocity of an impeller and 
attainable critical alti-- 

tudes. ( measured 

values up to 10 km. (6,2 mi.) 
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Figure 24. Computed values of k 

and measured pressures 
and velocities in a supercharger 
spiral. 



